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Turbocharged i.e. engine with EGR system and exhaust throttle 

(57) An exhaust gas recirculation EGR enhancement system 12 for a turbocharged i.e. engine 10 includes a 
throttle valve 54 arranged in the exhaust duct 22 of the engine, downstream of the EGR system 12. The throttle 
valve 54 is controlled in response to engine load and engine speed to selectively provide back pressure 
upstream of the throttle valve 54 to selectively drh^e an EGR exhaust flow through an EGR duct 40 to the intake 
manifold 18. An embodiment of the EGR system includes a cooler 46 that lowers the temperature of the EGR 
exhaust flow to provide better reductions in nitric oxide emissions. The exhaust turbine 28 of the turbocharger 
26 may be of variable geometry type 28 or of the fixed geometry type (28*, fig^> to provide a turbine with a 
fixed or variable swallowing capacity. The fixed geometry turbine (28*«fig.2) is preferably equipped to allow 
excess pressure to be released through a wastegate duct 66 arranged in fluid parallel with the exhaust turbine 
(28') thereby allowing for higher power and higher speeds. The EGR system may be controlled to provide 
compression braking. 
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AN EXHAUST GAS RECIRCULATION SYSTEM 
FOR AND A METHOD OF OPERATING A 
TURBOCHARGED INTERNAL COMBUSTION ENGINE 

The present invention generally relates to tuibocharged internal combustion 
engines and more particularly relates to exhaust gas recirculation systems for 
turbocharged internal combustion engines. 

In internal combustion engines, a process known as exhaust recirculation 
(EGR) is used to reduce the amount of nitric oxide (NQx) emissions. In 
general, EGR involves routing a portion of the exhaust gas back into the intake 
air flow. In an engine where exhaust back pressure is greater than intake air 
pressure (e.g., most normally aspirated engines) an EGR flow can be realized 
simply by connecting a conduit between the exhaust and mtake ducts. The 
flow from the exhaust manifold is drawn to the lower pressure of the intake 
because of the neg^ve pressure di&rential. However, in a turbocharged 
internal combustion engine having a charged intake, an unfavorable pressure 
differential must be overcome. 

More particularly, in turbocharged diesel engines, the recirculated exhaust gas 
flow is typically introduced into the intake air downstream of the 



turbocompressor and intercooler components in order to avoid degradation of 
these components. Unfortunately, the intake air is pressurized at this location, 
presenting an unfavorable intake to exhaust pressure ratio for transporting EGR 
gases. Diesel engines with efficient, well-matched turbochargers have an 
insufficient exhaust-to-intake pressure differential during some operating states 
to induce an amount of EGR flow sufficient to reduce nitric oxide emissions in 
compliance with environmental emissions regulations. For example, when an 
engine is running at a low speed under a high load, the exhaust temperature 
can be hot enough that the intake manifold pressure is higher than the exhaust 
manifold pressure. If a connection is opened between the intake manifold and 
the exhaust manifold through the EGR system, air flows from the intake 
manifold into the exhaust manifold, rather than the desired flow from the 
exhaust manifold to the intake manifold. 

Various EGR systems aie known which attempt to overcome this unfavorable 
pressure differential via a supplemental pump or compressor operable to force 
flow through the EGR duct from the exhaust manifold to the intake manifold. 
Such EGR compressors can be medianically driven, electric, or exhaust-driven 
by a second turbocompressor. It is also known to provide a supplemental 
compressor in the EGR system to drive flow. However, they require a 
relatively large amount of energy which tends to substantially sacrifice fuel 
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economy. These systems also increase the complexity and cost of assembling 
an engine. 

Systems are also known whidi attempt to achieve exhaust-to-intake EGR flow 
5 by increasing the pressure in the exhaust manifold (backpressure). This can be 
achieved with carefiil engine design choices, such as the selection of a 
turbochaiger having a particular fixed-geometry turbine size to yield an 
appropriate pressure differential. To increase EGR flow in a particular engine, 
a fixed-geometry turbocharger could be selected to have a relatively small size, 

10 having a correspondingly small swallowing capacity and a high flow restriction. 
The high flow restriction would provide increased backpressure upstream of the 
tuifoine sufBcient to drive the EGR flow back to the intake manifold* 
Unfortunately, a turbochargpr turbine and compressor selected to provide such 
bac^ressure are pooriy matched, and such a system results in less-than-optimal 

15 performance, sacrificing fiiel economy and power, especially at higher engine 
speeds. 

In conjunction with the relatively small sized turbine discussed in the 
aforementioned paragraph, it k further known to provide a wasteg^te for 
20 bypassing excess amounts of exhaust baclq>ressure in an attempt to thereby 
increase engine power at relatively high speeds. The wastegate bypass 



typically includes a modulating valve which modulates exhaust flow 
therethrough at a frequency synchronous with exhaust pulses. Although engine 
efficiency and power are improved overall, this solution still results in a 
smaller turbine being selected for the engine than is desired for optimal 
performance and fiiel economy. Furthermore, the modulating valve of the 
wastegate bypass has been known to experience reliability problems due to the 
harsh engine environment in which it operates. In particular, the modulating 
valve of the wastegate bypass typically operates in close proximity to the 
engine's combustion diambers where exhaust temperatures, gas pressures and 
engine vibrations are greater. These factors decrease control over the wastegate 
valve which in turn decreases control over EGR flow and the engine in general. 

In an attempt to overcome the problems of wastegated turbines having a small, 
fixed swallowing capacity, it is known to provide a variable ^^ometry turbine 
with movable vanes that can be adjusted to vary the swallowing capacity and 
flow resistance of the turbine. However, this solution is only viable in 
situations where cost is not prohibitive, because variable geometry turbines are 
typically more expensive than wastegated turbines. Moreover, in these systems 
the boost and rotor speed provided by the turbine become dependent upon 
swallowing cs^city of the turbine which results in less than desirable engine 
performance at various engine operating conditions. 
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Given that emissions regulations are increasingly becoming more stringent, an 
improved EGR system is needed. 

S An object of the present invention is to provide an improved exhaust gas 

recirculation (EGR) system for an internal combustion engine. Another object 
of the present invention is to provide an effective EGR system which is 
reasonably ine^ensive. The present invention adiieves these objects and 
overcomes deficiencies in the prior art by providing, in an embodiment, an 
10 EGR system that utilizes a valve located downstream of an exhaust turbine. In 
an embodiment, the EGR system has a controller for controlling the valve to 
optimize engine performance and emissions depending upon the operating 
conditions. 

IS Hie present invention is generally directed to an EGR system for a 

turbocharged internal combustion engine. The engine includes a turbochaiger 
having a compressor for compressing air delivered to an intake manifold and 
an exhaust turbine arranged in an exhaust duct for driving the compressor. The 
EGR syston includes an EGR duct extending between the intake duct and 

20 exhaust duct to permit fluid, communication therebetween. The EGR duct 
generally guides an EGR flow of exhaust gas from the exhaust duct to the 
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intake duct to achieve a reduction in nitric oxide emissions from the engine. A 
throttle valve is arranged in the exhaust duct downstream of an inlet port which 
opens to the EGR duct. The throttle valve is controlled by a controller for 
selectively restricting the flow through the exhaust duct, and thereby varying 
5 backpressure upstream of the throttle valve, to adjust an amount of EGR flow 
through the EGR duct. 

According to an embodiment of the present invention, a wastegate valve is 
arranged in parallel with the exhaust turbine and upstream of the throtde valve 
10 to bypass a portion of the exhaust gas flow around the turbine. According to 
this embodiment, the exhaust turbine may be of the fixed geometry type with a 
fixed swallowing edacity. 

According to another embodiment, the exhaust turbine is of the variable 
15 geometry type. The variable geometry turbine includes variable geometry 
vanes controlling the swallowing capacity of the turbine and the turbine 
effidency. An actuator, which is controlled by the controller, selectively 
adjusts the position of the variable geometry vanes to control the swallowing 
capacity of the turbine. 

20 

In an embodiment, the controller can at least partially close the throtde valve 
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during starting conditions. This results in creating higher bac]q>ressure and the 
burning of fuel at a higher rate to achieve idle conditions. This results in a 
higher rate of heat transfer into the engine components. In such a manner, the 
EGR system of the invention can advantageously decrease the time needed to 
5 warm the engine. 

In an embodiment, the controller can at least partially close the throttle valve 
during higher speed operation. This builds baclqiressure to provide 
compression resistance in the cylinders. Advantageously, the EGR system of 
10 the invention can be controlled in such a manner to provide a compression 
braking. 

It is therefore an advantage of a preferred embodiment of the present invention 
to provide an improved way to selectively increase or control the EGR flow in 
IS a turbocharged internal combustion engine. 

For turbocharged internal combustion engines that include a variable geometry 
turbine, it is a further advantage of a preferred embodiment of the present 
invention to decouple the swaUowing Cdpstdty of the turbine from the boost 
20 and rotor speed of the turbine. 
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For turbocharged intemal combustion engines that include a wastegated turbine, 
another advantage of a prefened embodiment of the present invention is to 
provide a turbine that has an increased swallowing capacity to provide for 
increased engine efficiency and power while maintaining the desired EGR flow 
5 under certain engine conditions. 

A further advantage of a preferred embodiment of the present invention is to 
provide an enhanced EGR system which has few parts and a reasonable cost. 

10 These and other features and advantages of the invention are disclosed in, and 
will become apparent from, the detailed description of the presently prefened 
embodiments and &om the drawing^. 

FIG. 1 is a schematic illustration of an exhaust gas recirculation system for an 
IS intemal combustion engine in accordance with a first embodiment of the 
present invention. 

FIG. 2 is a schematic illustration of an exhaust gas recirculation system for an 
intemal combustion engine in accordance with a second embodiment of the 
20 present invention. 



FIG. 3 is a schematic illustration of an exhaust gas recirculation system for an 
internal combustion engine in accordance with a third embodiment of the 
invention. 

Now referring to the drawing$, wherein like numerals designate like parts, 
FIGS. 1 and 2 schematically an internal combustion engine 10 equipped with 
an EGR system 12, 14, respectively, providing exhaust gas recirculation. In 
eadi of these embodiments, the engine 10 includes an intake duct 16 having an 
intake manifold 18 delivering a flow of intake air to the engine cylinders 20 
and an exhaust duct 22 having an exhaust manifold 24 carryiug a flow of 
exhaust gas away horn the cylinders 20 and ultimately to discharge into the 
ambient air, as indicated. In general, the EGR system 14 carries an EGR flow 
fiom the exhaust duct 22 back to the intake duct 16. 

The engine 10 includes a turbocfaarger 26, 26', as illustrated in FIGS. 1 and 2, 
respectively, for compressing the intake air in a conventional manner. The 
turbochar;^r 26, 26' includes an exhaust turbine 28, 28', respectively, arranged 
in the exhaust duct 22 that is driven by the exhaust flow therethrough. The 
exhaust turbine 28, 28' is drivingly coimected to an intake compressor 30 via a 
common shaft 32 or other connection. The intake compressor 30 is arranged in 
the intake duct 16 to compress the intake air. A heat exchanger or intercooler 
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34 may also be arranged in the intake duct 16 downstream of the intake 
compressor 30 for cooling and increasing the density of the compressed intake 
air. 

To fecilitate the EGR flow, the EGR system 12, 14 mcludes an EGR duct 40 
having an inlet port 42 connected to the exhaust duct 22 upstream of the 
exhaust turbine 28, 28' and an outlet port 44 connected to the mtake duct 16, 
preferably downstream of the intake compressor 30 and intercooler 34. As the 
exhaust gas flows through the EGR duct 40, it preferably passes through an 
EGR cooler 46 to lower its temperature to around 250 to 300 degrees F, to 
thereby inarease the density of the exhaust gases in the EGR flow to effect a 
more efScient reduction in nitric oxide emissions. 

To selectively permit or restrict EGR flow, an embodiment of the EGR system 
12, 14 includes an EGR valve 48 arranged in the EGR duct 40, preferably 
upstream of the EGR cooler 46. The EGR valve 48 may be a shutoff type 
valve which is selectively positioned in an open or closed position to 
selectively allow or shut off EGR flow. Alternatively, the EGR valve 48 can 
be operable in a modulating mamier to selectively allow or restrict EGR flow. 
Under certain operating conditions where EGR flow is unnecessary or could 
potentially create adverse effects to the engine, a controller 50 delivers a signal 
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via line 52 which actuates the EGR valve 48 to restrict or turn off the EGR 
flow. For example, the EGR valve 48 may be actuated to close during high 
transient torque demand situations, thereby shutting off flow through the EGR 
duct 40, 

For selectively controlling exhaust backpressure and thereby controlling the 
EGR flow, the EGR systenoi 12, 14 includes a throtfle valve 54, as illustrated in 
FIGS. 1 and 2, respectively. In accordance with an embodiment of the present 
invention, the throttle valve 54 is located in the exhaust duct 22 downstream of 
the EGR inlet port 42. In general, the throttle valve 54 is operable to 
selectively restrict exhaust flow through the exhaust duct 22, thereby mcreasing 
backpressure upstream of the throttle valve 54 and, in tum, increasing the 
pressure differential across between the exhaust duct 22 and intake duct 16 
across the EGR duct 40. By using the throtde valve 54 to control backpressure 
in this maimer, the EGR flow can be controlled. 

In a preferred embodiment, the throttle valve 54 is located downstream of the 
exhaust turbine 28, 28' where the valve 54 is subjected to less severe engme 
vibrations, gas pressures and thermal loads. This advantageously allows the 
use of a less elusive throttle valve 54 with lower tolerance requirements than 
required for an embodiment wherein the throttle valve 54 is located upstream 
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of the turbine 28. Locating the throttle valve 54 downstream of the exhaust 
turbine 28, 28' also generally increases the life span of the throttle valve 54 and 
therefore the reliability of the engine 10, 12. However, in another embodiment 
of the invention, the throttle valve 54 can be located upstream of the turbine 
5 28, 28'. 

To increase the EGR flow, the controller 50 sends a signal via line 56 to the 
throttle valve 54 to selectively control the degree of opening of the throttle 
valve 54 which thereby provides a selected flow restriction in the exhaust duct 

10 22 downstream of the EGR inlet port 42. The restriction provided by the 

throttle valve 54 increases the back pressure in the exhaust duct 22 upstream of 
the throtde valve 54 which increases the portion of the exhaust flow introduced 
into the EGR duct 40, thereby increasing the EGR flow. The greater EGR 
flow achieves a more environmentally friendly engine by e&cting increased 

15 overaU reductions in nitric oxide emissions. To decrease EGR flow, the 

controller 50 sends another signal via line 56 to the throttle valve 54 to provide 
a less restrictive restriction and thereby decrease the back pressure in the 
exhaust duct 22 and the amount of EGR flow. Decreasing EGR flow typically 
improves engine power, effldency and performance. 

20 

In an embodiment, the controller 50 is capable of positioning the throtde valve 
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54 in an open position, a closed position, and variable positions therebetween. 
The controller SO selectively positions the throttle valve 54 in response to one 
or more sensed parameters, such as engine load, engine speed, EGR flow rate 
or another parameter as delivered by a signal to the controller 50 via one or 
5 more input line 57. For example, at lower speeds, such as at low speed and 
high or partial loads, the controller may partially close the throttle valve 54 to 
provide a relatively high restriction to mciease back pressure at the EGR inlet 
port 42 and thereby inoease the EGR flow. At higher engine speeds, for 
example, the controller 50 causes the throttle valve 54 to open, thereby 

10 decreasing the amount of flow restriction. The controller 50 is designed to 
control the throtde valve 54 in a desirable manner which may depend, for 
example, upon the particular configuration of the engine 10, the desired amount 
of nitric oxide emissions, the desired performance and ou^ut requirements of 
the engine 10, etc. In an embodiment, the throttle valve 54 is modulated, the 

15 position typically being updated at a relatively low frequency coneq)onding to 
transitions t)etween engine speed and load on the order of every couple of 
seconds. 

In addition to inoeasiiig EGR flow» the throttle valve 54 is useful for 
20 decreasing the warm up time for the engine 10 during initial engine starting. 
For example, during engine startup, the throttle valve 54 may be fully or 
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substantially closed by the controller 50 to provide upstream back pressure in 
the exhaust duct 22. As a result, the engine 10 requires more fuel bum in 
order to achieve idle conditions. The higher fuel rate gives higher heat 
rejection to the engine coolant and, in turn, causes the engine 10 to warm up 
5 faster. Moreover, since EGR flow is usually avoided by closing the EGR valve 
48 until the engine is warm, this reduces the time spent in a non-EGR/high 
nitric oxide (NQx) emissions mode. By thus achieving a condition of EGR 
flow sooner, overall nitric oxide emissions are advantageously reduced. 

10 The throttle valve 54 may also be additionally used for compression braking. 
According to this feature, the throtfle valve 54 may be fully or substantially 
closed by the controller 50 to provide for high compression in the engine's 
cylinders 20. This may be used for compression braking to slow the speed of 
engine 10. 

15 

In the EGR system 12 illustrated in FIG. 1, Uie exhaust turbine 28 is a variable 
geometry turbine. The variable geometry turbine 28 includes variable geometry 
vanes which can be adjjusted by an actuator 62 to control the swallowing 
capacity of the turbine 28. The variable geometry vanes also control the 
20 turbine efficiency. The actuator 62 may be controlled by the controller 50 via 
line 58. By combining the variable geometry turbine 28 with the throttle valve 
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54, the swallowing capacity (which can be controlled by either the variable 
geometiy vanes or the throttle valve 54) can be controlled independently of the 
boost and rotor speed of the turbine 28 (which depends in part upon the 
position of the variable geometry vanes). It is an advantage that this provides 
5 for greater engine power, and improves specific fiiel consumption and 

controllability. In the EGR system 12 of HG. 1, the throttle valve 54 may also 
be partially closed by the controller 50 at higher engine speeds to increase back 
pressure and provide for inoreased EGR flow. 

10 In the embodiments illustrated in FIGS. 2 and 3, the EGR system 14 includes 
an exhaust turbine 28' which can be a fixed geometry turbine. The exhaust 
duct 22 includes a wastegate duct 66 arranged in fluid parallel with the turbine 
28' for bypassing excess pressure build-up in the exhaust duct 22 upstream of 
the turbine 28'. More specifically^ the wastegate duct 66 is connected in fluid 

15 communication with the exhaust duct 22 at an inlet port located upstream of 
the turbine 28*. The wastegate duct 66 is connected to return flow to the 
exhaust duct at a reentry point downstream of the turbine 28*. The reentry 
point of wastegate duct 66 into eidiaust duct 22 is located upstream of the 
throtUe valve 54 in the embodiment of FIG. 2. However, as iUustrated in FIG. 

20 3, the reentry point of wastegate duct 66 into exhaust duct 22 can be located 
downstream of the throttle valve 54 in another embodiment of the invention. 



I 
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As also illustrated in FIGS. 2 and 3, a wastegate valve 68 is located in the 
wastegate duct 66. The wastegate valve 68 is operable to restrict or modulate 
flow through the wastegate duct 66 to control rotor speed and efficiency of the 
turbine 28', In this manner, the condition of the waste^te valve 68 can be 
5 controlled in order to regulate performance of the engine 12. The wastegate 
duct 66 and the wastegate valve 68 are effective to vary the swallowing 
capacity of the turbine 28*. The wastegate valve 68 is controlled by the 
controller SO via line 70. 

10 The embodiment including the throttle valve 54 in combination with fixed 

geometry turbine 28' and wastegate duct 66 provides several advantages. One 
advantage is that EGR flow rate can be increased by providing a selective flow 
restriction by selectively closing the throtde valve 54 at part load and also at 
low ^eed/higb load, thereby achieving the desired reduction rate in nitric oxide 

15 emissions to more easily comply with stringent emissions regulations. By 
ina:easing EGR flow rate, the injection tfaning may be advanced and fiiel 
consumption improved. Because the throttle valve 54 may be used to build 
back pressure in the exhaust duct 22» the swallowmg capadty of the exhaust 
turbine is not as critical for &cilitating EGR flow, and therefore a larger 

20 turbine 64 can be selected if desired to provide a better matched turbocharger 
26 and therefore a more efficient, better performing engine 12, particularly at 
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higher engine speeds. Boost power may also be lowered with this embodiment 
to increase engine power. The throttle valve 54 may also be used for active 
compensation for variations in stack restrictions from one installation to another 
or changes in stack restriction over time. The throttle valve 54 may also be 
used for active compensation for variations between engines or for engine 
degradation over time. 



In the EGR system 14, the wastegate bypass 66 may discharge the wastegated 
exhaust flow either upstream as ^own in FIG. 2, or downstream of the throttle 
valve 54 as shown in FIG. 3. The throttle valve 54 may also be arranged to 
act on all exhaust flow to the exhaust stacks as illustrated, or alternatively any 
portion of the exhaust flow to the exhaust stacks regardless of whether the 
throttle valve 54 is located upstream or downstream of the exhaust turbine 28*. 



All of the references cited herein, induding patents, patent applications and 
publications are hereby incorporated in their entireties by reference. While this 
invention has been desoibed in connection with exemplary embodiments. 



various changes and modifications will be apparent to those of ordinary skill in 
the art Sudi dianges and modificatkns may be nuide without departing from 
within the ^irit and the scope of the invention. Accordingly, the appended 
claims are intended to cover such changes and modifications. 
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CLAIMS 

1. An internal combustion engine having an intake duct, an exhaust duct, 
and an exhaust gas redrculation system comprising: 
5 an EGR duct coimected in fluid communication with the exhaust duct for 

guiding an EGR flow of exhaust gas from the exhaust duct to the intake duct; 
an EGR cooler located in the EGR duct for cooling the EGR flow prior to 
entering the intake duct; 

an exhaust turbine in the exhaust duct downstream of said EGR duct, 
10 the turbine driving an intake compressor ; 

a throttle valve arranged in the exhaust duct downstream of said EGR 
duct operable to selectably restrict flow through the exhaust duct; and 
a controller operable to adjust the throttle valve. 

15 2. An engine according to claim 1, wherein the throttle valve is located 
downstream of the exhaust turbine. 

3. An engine according to claim 1, wherein the controller adjusts the 
throttle valve to vary back pressure in the exhaust duct to control a rate of said 
20 EGR flow. 



19 

4. An engine according to claim 3, wherein the controller modulates the 
throttle valve as a function of engine speed. 

5. An engine according to claim 3» wherein the controller substantially 
5 closes the throttle valve during a starting operation of the engiae* 

6. An engine according to daim 1, further comprising: 

a wasteg^te duct in communication with the exhaust duct for bypassing a 
wastegate flow from the exhaust duct upstream of the exhaust turbine to reenter 
10 the exhaust duct downstream of the turbine; and 

a wastegate valve located in the wastegate bypass duct for selectively 
restricting said wastegate flow. 

7. An engine according to claim 6, wherein the turbine is of a type having 
15 fixed geometry vanes. 

8. Ad engine according to claim 1> wherein the turbine includes variable 
ge(Mnetry vanes and an actuator for selectively adjusting the position of tibe 
variable geometry vanes, the actuator being controlled by the controller. 

20 

9. An engine according to claim 1, wherein the controller is operable to 
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substantially close the throttle valve to cause back piessuic in the exhaust duct 
for providing compression braking. 

10. An engine according to claim 1, further comprising an EGR valve 
5 located in the EGR duct adjustable to vary the EGR flow, 

11. An engine accordiag to claim 1, further comprising an iutercooler 
located in the intake duct located upstream of the EGR duct 

10 12. An exhaust gas recirculation system for an internal combustion engine 
having an intake duct, an exhaust duct, and a turbocharger with a turbine 
located in the exhaust duct, the tuibocharger driving a compressor located in 
the intake for chargmg air in the intake duct, the exhaust gas redrculation 
system comprising: 

IS an EGR duct connected in fluid conununication with the exhaust duct 

upstream of the turbine for guiding an EGR flow of exhaust gas from the 

exhaust duct to the intake duct; 

an EGR cooler located in the EGR duct for cooling the EGR flow prior 

to entering the intake duct; 
20 a throttle valve arranged in the exhaust duct downstream of said EGR 

duct operable to selectably restrict flow through the exhaust duct; and 
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a controller operable to adjust the throttle valve for controlling back pressure in 
the exhaust duct. 

13. An exhaust gas recirculation system according to daim 12, wherein the 
throttle valve is located downstream of the exhaust turbine. 

14. An exhaust gas recirculation system according to claim 12, wherein the 
controller adjusts the throttle valve to increase back pressure in the exhaust 
duct for controlling a rate of said EGR flow. 

15. An exhaust gas redrculation system according to claim 14, wherein the 
controller modulates the throttle valve as a function of one or more engine 
operating parameters. 

16. An eaiiaust g^s redrculation system according to Qaim 15, wherein one 
of said engine operating parameteis is engine speed. 

17. An exhaust gas recirculation system according to Qaim 15, wherein one 
of said engine operating parameters is engine load. 

18. An exhaust gas redrculation system according to daim 14, wherein the 



22 

controller is operable to substantially close the throttle valve during a starting 
operation of the engine. 

19. An exhaust gas recirculation system according to claim 12, further 
5 comprising: 

a wastegate duct in communication with the exhaust duct for bypassing a 
wastegate flow from the exhaust duct upstream of the exhaust turbine to reenter 
the exhaust duct downstream of the turbine; and 
a wastegate valve located in the wastegate bypass duct for selectively 
10 restricting said wastegate flow. 

20. An exhaust g^ redrcnlation system according to claim 19, wherein the 
turbine is of a fixed geometry turbine. 

15 21. An exhaust gas recirculation system according to claim 19, wherein said 
controller is operable to adjust the wastegate valve. 

22. An exhaust g^s recirculation ^tem according to claim 12, wherein the 
turbine includes variable geometry vanes and an actuator for selectively 
20 adjusting the position of the variable geometry vanes, the actuator being 
controlled by the controller. 
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23. An exhaust gas recirculation system according to claim 12, wherein the 
controller is operable to substantially dose the throttle valve to cause back 
pressure in the exhaust duct for providing compression braking. 

5 24. An exhaust gas recirculation system according to daim 1, further 

comprising an EGR valve located in the EGR duct adjustable to vary the £GR 
flow. 

25. A method of (grating an internal combustion engine having an intake 
10 duct, an exhaust duct, and a tuibocharger having a turbine located in the 

exhaust duct driving a compressor located in the intake duct for charging intake 
air, and an EGR duct connected to guide an EGR flow from the exhaust duct 
to the intake duct, the EGR duct being connected in communication with the 
exhaust duct upstieam of the tuifoine, the method conq>rising the steps of: 
15 restricting flow through the exhaust duct at a location downstream of the EGR 
dact to adjust badq>ressure in the exhaust duct; and 
cooling the EGR flow prior to entry into the intake duct 

26. A method according to daim 25, wherein said cooling step includes 
20 providing an EGR heat exchanger located in the EGR duct. 




24 

27. A method according to claim 25, wherein said restricting step includes 
providing a throttle valve in exhaust duct downstream of said EGR duct 

28. A method according to claim 27, wherein said restricting step includes: 
5 controlling the throttle valve in response to one or more engine operating 

parameteis. 

29. A method according to claim 28, wherein said controlling indudes 
adjusting said throtde vedve to control EGR flow. 

10 

30. A method according to claim 28, wherein said controlling includes 
substantially closing said throttle valve for a period after the engine is started 
to aid in warming up the engine. 

15 31. A method according to claim 28, wherein said controlling indudes 

adjusting said throtde valve to increase back pressure in said exhaust duct to 
effect compression braking of the engine. 

32. An internal combustion engine substantially as described hereinbefore 
20 with reference to the accompanying drawings and as shown in Figure 1, or in 
Figure 2 or in Figure 3 of those drawings. 
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33. An exhaust gas reciiculation system substantially as described 
hereinbefore with reference to the accompanying drawings and as shown in 
Figure 1, or in Figure 2 or in Figure 3 of those drawings. 

34. A method of operating an internal combustion engine substantially as 
described hereinbefore with reference to the accompany drawings. 
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